To combat environmental issues, combined with the energy problem of limited resources, innovating fundamentally new ways of raising energy efficiency is essential. Today achieving lighting efficiency is an important key because artificial lighting is predicted to consume about one fifth of global energy generation. There is a large room for improving energy utilization of lighting. However, the scientific challenge is to reach simultaneously high-quality photometric performance.
To combat environmental issues, combined with the energy problem of limited resources, innovating fundamentally new ways of raising energy efficiency is essential. Today achieving lighting efficiency is an important key because artificial lighting is predicted to consume about one fifth of global energy generation. There is a large room for improving energy utilization of lighting. However, the scientific challenge is to reach simultaneously high-quality photometric performance. 1 To address these and related problems, we developed and demonstrated colorconversion lighting-emitting diodes integrating semiconductor colloidal quantum dots, also known as nanocrystals, for high-photometric quality and those enhanced using exciton-exciton coupling. [2] [3] [4] We studied intrinsic performance limits and fundamental lighting tradeoffs of such narrow-emitter quantum dots. 5, 6 Also, we demonstrated eco-friendly nanocrystals tunable across the entire visible, their flexible large-area freestanding sheets, and those wrapped in macrocrystals for lighting and display applications. [7] [8] [9] We showed anisotropic and narrowed emission spectra of nanocrystals, which is important for future display technologies, enabled by plasmon-exciton coupling and selective exciton-plasmon-exciton coupling.
10-12 Additionally, we obtained new integration strategies of these colloidal quantum dots using smart linkers for directed functional self-assembly. 13, 14 These new proof-of-concept demonstrations and findings indicate that nanocrystals hold great promise for quality lighting and displays.
(a) (b) (c) (d) Figure 1 . Freestanding nanocrystal sheets (a) under room light and (b) under UV illumination along with a scanned electron microscopy of the nanocrystals in the membrane (inset). Microcrystal powders embedded with nanocrystals (c). Exemplary high--performance LED platform with nanocrystal film, shown together with a transmission electron microscopy image of the nanocrystal used in the solid film (inset).
